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Fig. 1 Location of sampling sites at Fuxian Lake
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Tab. 1 The genetic diversity parameters of 7 Anabarilius grahami geographical populations from Fuxian Lake

. e AEZIITRSY VT (N PRItE 2 Uik G Y E AL E

oot ﬂ}ﬂf@?ﬂdﬁ . Sﬁz'glﬁf!é Variable polymorphic ¢, %{Diﬁib Haplotype diversity Nucleotide diversity
grapnical popu ation ample s1ze site ap otype numober (Hd) (71')

BHIKLQ [li== 23 20 12 0.842+0.070 0.0031+0.00076
BALC 20 14 9 0.826+0.073 0.0025+0.00061
B ¥IAMX 17 16 11 0.846+0.089 0.002440.00061
THXB KT 15 10 7 0.657+0.138 0.0020+0.00056
HBEHT 21 15 10 0.810+0.080 0.0027+0.00063
%2 11XS 17 14 9 0.787+0.101 0.0024+0.00058
KEHILTY 20 18 11 0.8050.090 0.0024+0.00062
H{ATotal 133 40 36 0.791+0.036 0.0025+0.00027
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2 JIBHSER A&7 MR R B ERI ST
Tab. 2 Haplotype distribution of 7 Anabarilius grahami
geographical populations from Fuxian Lake

PSR B AR AT N W AR ORPH L TR Rl SR
Haplotype HI LC LQ MX TY XB XS Total

Hap1 9 8 9 7 9 9 8 59
Hap 2 3 3 2 1 1 10
Hap 3 1
Hap 4 1
Hap 5 1
Hap 6 1 1 1 1
Hap 7 2
Hap 8 1
Hap 9 1
Hap 10 1
Hap 11 1
Hap 12 1
Hap 13 1
Hap 14 2 1
Hap 15 2
Hap 16 1
Hap 17
Hap 18
Hap 19
Hap 20
Hap 21
Hap 22
Hap 23
Hap 24 1
Hap 25 1
Hap 26 1
1
1

—_ = W) = = = e

Hap 27
Hap 28
Hap 29
Hap 30
Hap 31
Hap 32 1
Hap 33 1
Hap 34 1
Hap 35 1
Hap 36 1
Mk 21 20 23 17 20 15 17 133

—_ = = =

1
1
1
4
7
2
1
2
4
1
1
3
3
3
1
1
1
1
8
2
1
1
1
1
2
2
1
1
1
1
1
1
1
1
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BRI 3).
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AR BB AR AT A AT . S B A Tajima’s
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B4R — . FE20—305E R, ToAlibl ok fd
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Z N T e B, SRR A a5 DU R A R R, &
BB K 4 250, 2207857, R T
BRI IE N T IR A J5 A5 T, — LR
9 A 55 5 Al AT RS AR DAL e i . Y T
YR AN o AT T HR AL Ak, 758 Al J8 ¥ 52
IV I SRR AR BTR3NSO [ ), A
TYNFREENEATF RN T, FRE T8
AF H A S HER T SR UL . HE IR
T HEAL I B R R RhE R, I LA, SRR N T
3 T 5 % B R AR PR AR R R R A
SCIE T R AR T ML R AR SE 133 R ARR (1 )
TR R RE A% 22 REPEVEAS, R ILERTR (M R B &
BT 2RV . RAXIR T 8% 22 R MR AE ; JLF
WA AL A B
3.1 #RH2mtDNA D-loopishl X BL F 519+
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62.28%, 1T C+GHFE & 8(37.72%), H & B
H2REUN, e R G R R R R
BEER WA BEARHEAT mtDNA D-loop X 7 51 3E4T 43T,
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TG R, 33— W0 A A 2 A A
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", L SRR T, B 2 REPESR
B (H o) RV R 22 B 1 3 550 (o) 88 5 AR R VA A st

represents missing haplotypes
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Fig. 2 Haplotype network structure of Anabarilius graham
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The portion of circle represents frequency; the colored portion represents the proportion of each population in each haplotype; the black dot
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(Hg=0.657—0.846)F1AH Xt FAK 10 1% 1R 2 #F 1t
(1=0.00204—0.0031), 2 H —FmtDNA“E HK
oW TR “im H (o 848 3 AR A 1) iR PR AT g
FEIALE T LUK R IG bR, 23RS 28
TR, A A PR 2D BR R RS
BA[REA N T SR, B R L N ) K &=
TR FEBE LT SR BB, PoAlsE i A K E
B, IEHOE A A 2 KRR
IR E e BN R IR AT RELE X — IS PR
WEAT, MR e ERUIKE . X

Hap 20
Hap_13
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Tab. 3 The pairwise F of 7 Anabarilius grahami geographical populations from Fuxian Lake

Gi%?rﬁag;}ﬁal HEEHD FRFLC PRIELQ B2 i IRMX KBAIITY TIXB Z11XS
population

8 0.00272 (10;0()(.)517065;t 8) (1;36(.)4?;6659) (536?719921;9) (;)699256:995) (fgb().g%%)37) (}:36?2325%58826)
L 0.00263 000253 N0y (0sI)  (P0S6AS6)  (P0d234D)  (P0.52250)
HHILQ 0.00296 0.00278 0.00310 (536(.)716752787) (;)6992 1185962) (1!’_:0(')(.)5055500) (1;36(.)923569924)
W2 i JAMX 0.00252 0.00244 0.00274 0.00235 ( ;)69;90(?929) ( P_=O(.)(.)716956787) ( s 45905)
KBILITY 0.00250 0.00241 0.00271 0.00229 000236 g£6972§§’§8) ( 1;:0(')(_’5’8615968)
THIXB 0.00244 0.00228 0.00257 0.00217 0.00217 0.00204 };20(')(_’5522898)
LIXS 0.00255 0.00246 0.00271 0.00229 0.00232 0.00215 0.00240
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F4 AR B & IRERA R, BRMBEERRRS FREIN
Tab.4 The AMOVA statistics of 7 Anabarilius grahami geographical populations from Fuxian Lake

A R H T5 Z R Al Sy A5 5 A5 U L A =R
Source of variation df Sum of squares Variance component Percentage of variation Fy
#H [] Among groups 1 1.633 0.00605 Va 0.30
#H N Among populations within groups 5 6.323 —0.04341 Vb -2.12
B4 P % Within populations 126 262314 2.08186 Vc 101.83
il Total 132 270.271 2.04451 —0.1827 (P=0.98729)
Hap 3 KT HRIR (1 I8 22 REPERIE FUAOE B2 B B A,
- o T P 11 6007 2 PR S0/ (2020112880 F904F
© E;‘Iffg X, BEAE N ZEAETRAL I B 13 30 (G I 4 7 A
O hap o FEEESUEEE), N2 AP RAIFNGG 3R 1%,
g 10— Hap 13 FEZ5 T SI0R 19 602 5, K O ESER B K 3
——E:Egi;?WO F 77, M3 2 St S B2 T DR 2 R 1
s g:ggl IR AT 2 o ik P 1 25 5B BG4S &2 e 5 2K
491|:P21P2264 (3?@*%%@5&:}& N IS B UL, ﬁék;%
| 9 ——— Hap2 FEBEARIE N FEALTHI(2007—201 14E 1AL AR N
o AR A k365 5 Y, A T IRE R
0 Hap2 T A A R AR S5 (RS, TR
HapG H o T 2 L R, BRI 2 R 3
Hap T {6 T B AR AA Y,
e HAHE R, AFFRRBARALEIAR . P
s SRR 8 5 P S0 T 8 40 A
Hap 18 fiE o X V] e K 7 R % 067 . ok 7 RN BH B v T —
— o 21 BRI B, K TSR IR A i %, Ay
Hap f,zp 25 A FEARSRAE T 2R 2, 3L LIS DUK & IR
Haszgang B Ak, $5 EE WAL E R E R, T
gap ;g F, SRYR AN T B SO M A 2 B R AR AL AR
7apﬂap 35 B AAG EE Y, 33t T R AR A P A AR 1 £ AR R K
e e reanatis P (TY) R SECHI)BEG, b3 L (XS) R R0
0.005 (XB)#HARBHE Z 1% T B

Kl 3 H TR 1 fD-loop B 2 3 41 ¥ T3 R ik &
Fig. 3 The Bayesian phylogenetic tree of Anabarilius grahami D-
loop haplotypes

I3 ST R BT AR I S I R
The number upper left corner of node presents the Bayesian
posterior probability

SR, BRI R, RS M= i
P, HZEDNAZS 5 FT 5 20 I3 1 B[R] 38 i Bz iz K
T R HCRAS AL i 1] Y R R T
H A7 (AR

AHF I (H,=0.657—0.846, 7=0.00204—0.00236)
Stk R 5 (H,=0.964—1, 7=0.00204—0.0031)
FLE R I, H TPl SRR 1 AR 5 A% 2 A 1
%o IXFTAEIALS A LA R =77 1 A (1) ™

33 ERESAEEEBREES L

WAL AR (F )2 — B g T VRl fiE 1A
Z IR SRR I BB SR FEARB A,
TR F A AR (B8 A% 0 AL SR B (F 0 B/ BN
#, RYIEREAR ] IR 1 DAL 704 BEAbh, Hfs
T DU 58 G0 2 AR 2R IR 24 0 S 3R L W
Ko AMOVAZMHTRBL, 28 5 2RI T AN
P o I8 BBHII 9 R BERE R 18] 88 £ 20 AL A 25 1
E R R — 7 T VA1 45 T IR 9 A 0 S RRAE T
IR BRI E, BE T KRB 2 oK
DX, 7% B3 5 EE 0 B A T R K R AT KL
T AW A P [RIT, BRF T REBE A PO Al I K AR
i BRI I A . XA A
T SR BT SR A A A R M R R A ) £ SE E, B
AR ) R AZ A, 38 4% 0 AKCOPAIR; 55—y,
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Tab. 5 The Tajima’s D and Fu’s Fg neutrality tests of 7 different geographical populations of Anabarilius grahami from Fuxian Lake

K58 Test EEH] FEFRLC BRIFLQ  WIEMFEMX  KFHLITY  FMIXB ZILXS  A4KTotal
Tajima’s D —1.44732 -1.49290 -1.73133 -2.09400 —2.14257 —1.47241 —1.77265 -1.73617
Tajima’s D P value 0.069 0.046 0.028 0.012 0.007 0.07 0.029 0.03729
Fu’s Fg —1.43963 0.52796 -2.26306 -3.07358 —2.34106 —0.48304 -1.36976 —1.64259
Fu’s Fg P value 0.24 0.395 0.165 0.058 0.126 0.386 0.224 0.22771
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ikl 7= 5 Paired differences

Bl 4 SRR A IR C 20 A7

Fig. 4 The nucleotide mismatch distribution of Anabarilius graha
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GENETIC DIVERSITY ANALYSIS OF MITOCHONDRIAL D-LOOP REGION OF
ANABARILIUS GRAHAM IN FUXIAN LAKE

WU Jun-Jie', LI Gaung-Hua', JIN Fang-Peng', ZHAO Jing-Xia', LEI Chun-Yun', GAO Hai-Tao', FU Shi-Wei,
ZHOU Rui', LUO Yong-Xin', XUE Shao-Wei', ZHANG Wen-Kui', LENG Yun',
LIANG Yong-Ben’, MA Chun-Ming’ and WANG Yan'

(1. Yunnan Academy of Fishery Sciences, Kunming 650224, China; 2. Fishery Station of Yuxi, Yuxi 653100, China; 3. Fishery
Station of Chengjiang, Chengjiang 652599, China; 4. Yuxi Fuxian Lake Administration, Yuxi 653100, China)

Abstract: Anabarilius graham is a kind of native fish in the Fuxian Lake, Yunnan Province, and its germplasm re-
sources had been drastically reduced since the 1990s due to overfishing and invasive species. After many years of artifi-
cial propagation and releasing, in order to realize the present genetic diversity, we sampled a total of 133 Anabarilius
graham from 7 geographic populations and conducted genetic diversity analysis based on sequences of D-loop control
region. The results showed that A+T base composition (62.28%) was higher than the C+G combination (37.72%); A
total of 40 polymorphic sites were identified and 36 haplotypes were defined. The overall haplotype diversity index
(Hy) was 0.791£0.036 and the overall nucleic acid diversity index () was 0.00254+0.00027, which suggested a distri-
bution of “high H; and low 7. The average Hy and = of west group (H;=0.826—0.846, 7=0.00236—0.0031) was hig-
her than that of east group (H4=0.657—0.805, 7=0.00204—0.00271). The highest and lowest index value of nucleic
acid diversity and haplotype diversity were identified in MX and XB population, respectively. What’s more, the fur-
thest genetic distance was found between LQ and HJ population, but insignificant genetic differentiations were identi-
fied in 7 populations. The results of the neutrality test (Tajima’s D=—1.73617, P=0.03729; Fu’s F=—1.64259,
P=0.23943) and nucleotide mismatch distribution revealed that no population expansion happened in evolutionary his-
tory of Anabarilius graham. In conclusion, the distribution of “high H, and low z”” was identified in Anabarilius gra-
ham, which could be caused by faster evolutionary speed in mitochondrion. Meanwhile, insignificant genetic differenti-
ations among each population may be caused by the dispersive life history of Anabarilius graham and artificial releas-
ing. This study preliminarily revealed the current genetic diversity of Anabarilius graham in the Fuxian Lake, and
provided necessary basis for the protection of germplasm resources and genetic breeding.

Key words: Fuxian Lake; Mitochondrial DNA; D-loop; Genetic diversity; Anabarilius graham
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